Nineteen men (29.2%) had vitamin D deficiency (25-OHDp20 nmol/l) and 48 men (73.8%) had hypovitaminosis D (25-OHDp37.5 nmol/l). Serum 25-OHD and iPTH levels correlated inversely (r ¼ À0.30; P ¼ 0.017). Serum 25-OHD levels were 52.0% higher for 13 vitamin D supplement users than for 51 non-users (P ¼ 0.0001). After exclusion of supplement users, an association between 25-OHD level and consumption of milk products was found (P ¼ 0.011), with the median vitamin D level being 6.5 nmol/l higher for those consuming four glasses of milk products or more daily than for those consuming one or less. Likewise, the higher the milk consumption, the higher the difference in 25-OHD between years 2004 and 2001 (P ¼ 0.0025). Conclusion: Vitamin D fortification of milk products slightly but insufficiently improved the poor vitamin D status of young Finnish men during winter. Further supplementation is warranted in order to normalize vitamin D levels and to support achievement of maximum peak bone mass.
Introduction
Although the index diseases for vitamin D deficiency have long been considered to be rickets for children and osteomalacia for adults, there has been a growing conviction that less severe degrees of deficiency may also produce skeletal disease (Heaney, 2004) . We (Välimäki et al., 2004) and others Lehtonen-Veromaa et al., 2002; Cheng et al., 2003) have shown vitamin D status to act as an independent determinant of peak bone mass in young adults. In our previous study (Välimäki et al., 2004) , we pointed out that in winter, 38.9% of Finnish men, aged 18-20 years, had vitamin D deficiency (serum 25-hydroxyvitamin D (25-OHD) less than 20 nmol/l) and two-thirds had 25-OHD levels below 37.5 nmol/l, which has been used as one limit to define hypovitaminosis D (Thomas et al., 1998) . Poor vitamin D status not only characterizes young Finnish men, but is also typical of Finnish girls and young women during winter (Lehtonen-Veromaa et al., 1999) . During sunny summer months, vitamin D deficiency disappears and hypovitaminosis D becomes more rare among young Finnish people (Lehtonen-Veromaa et al., 1999; Välimäki et al., 2004) .
Although we lack a distinct definition for vitamin D adequacy in terms of serum 25-OHD concentrations, the levels of 80-100 nmol/l have been proposed to optimize the well-being of the skeleton (Barger-Lux and Heaney, 2002; Heaney et al., 2003b; Bischoff-Ferrari et al., 2004) . In young adults of different races, the accrual of bone mineral density increased up to the 25-OHD level of 100 nmol/l (Bischoff-Ferrari et al., 2004) . In two studies, the fractional calcium absorption increased with serum 25-OHD concentrations within the reference range, up to 80 nmol/l, and reached a plateau above that level (Barger-Lux and Heaney, 2002; Heaney et al., 2003b) . In the face of these observations, vitamin D status of young Finnish people is inadequate at least during winter, and demands improvement. Consequently, vitamin D fortification of milk and sour milk was started in February 2003 by increasing the vitamin D content of these dairy products to 0.5 mg/dl ( ¼ 20 IU/dl). The effect of this procedure on serum 25-OHD levels of Finnish people has not been described hitherto.
We sought to assess how much -if any -vitamin D fortification of dairy products has improved vitamin D status of young Finnish men. For this purpose, we succeeded to re-examine 64 of 220 participants in our previous study (Välimäki et al., 2004) and compare serum 25-OHD levels before and after start of the fortification -in January 2001 and January 2004.
Subjects and methods

Subjects
The original study population comprised 220 young men, aged 18.3-20.6 years (Välimäki et al., 2004) . They were participants in a study aimed at elucidating the role of genes, hormones and lifestyle factors as determinants of peak bone mass, and studying exercise-induced changes in bone mass during military service. One hundred and seventy men were recruits of the Finnish Army, and 50 men of similar age, who had postponed their military service for reasons unrelated to health, formed a control group in the exercise part of the original study. All 220 men had been studied in July 2000, and 167 had had serum 25-OHD measurement during the winter in January 2001; the latter 167 men were invited to participate in the present study in January 2004. Sixty-five men accepted the invitation. The study was approved by the Ethical Committee of Department of Medicine, Helsinki University Central Hospital, and a written consent was obtained from the participants.
Study design
Blood was sampled for determination of serum 25-OHD and intact parathyroid hormone (iPTH) concentrations. The samples were stored at À701C until assayed. Consumption of milk and sour milk, frequency of fish meals and use of vitamin supplements were recorded using a questionnaire. On the basis of use of dairy products, the men were divided into four 'milk' classes: p1.8 dl (p1 glass), 3.6 dl ( ¼ 2 glasses), 5.4 dl ( ¼ 3 glasses), and X7.2 dl (X4 glasses).
Biochemical measurements
As in the previous study (Välimäki et al., 2004) , serum 25-OHD was measured by the RIA kits from Diasorin, Stillwater, MN, USA. At vitamin D levels of 30 and 100 nmol/l, the intra-assay coefficients of variation (CV) were 8.9 and 5.9%, and the inter-assay CVs 12.8-8.8%, respectively. To ascertain the validity of the results, the samples collected in year 2004 were analyzed for 25-OHD also with a high-pressure liquid chromatograph (HPLC) method (Turpeinen et al., 2003) . The within-assay and total CVs calculated from samples containing 21.6-167 nmol/l were 3.7-7.3% for this method. In the year 2001, serum iPTH was assayed using intact PTH kits with two polyclonal antibodies from Diagnostics Product Corporation, (LA, CA, USA) and the IMMULITE ONE immunoassay analyzer. At levels of 22 and 38 ng/l, the intra-assay CV was 4.3 and 4.2%, and the inter-assay CV was 5.3% at the level of 68 ng/l and 3.4% at the level of 366 ng/l. In year 2004, kits of the same manufacturer were used but they had been changed to contain one mono-and one polyclonal antibody. In addition, the IMMULITE 2000 immunoassay analyzer was used. Consequently, the level of results was changed to that extent that comparisons between years 2001 and 2004 were rendered impossible. The intra-and inter-assay CVs were similar for both methods.
Statistics
The mean change of serum 25-OHD between years 2001 and 2004 was analyzed using repeated measures analysis of variance with the unstructured covariance structure. In the primary model, the year was the only within factor. To study the effect of timing of blood collection, a secondary analysis was performed by adding the sampling date as a covariate. In the analysis, the sampling date was the number of days from the beginning of January.
Serum 25-OHD concentrations assessed by two methods were compared with regression analysis, and the intercept was considered to describe the level of difference between the methods. To study the effect of use of dairy products and vitamin D supplements on serum 25-OHD and iPTH levels, one-way analysis of variance was used with each use as a factor. Pearson correlation coefficients were calculated when appropriate.
All tests were performed as two-sided, with 5% significance level. All analyses were performed with SAS System (Version 8.02 for Windows).
Results
The characteristics of the study population in year 2004 are presented in Table 1 . In 2001, when most participants were in the army, 53 men had used four or more glasses of milk daily as milk products, whereas in 2004 the respective number was only 12. Serum 25-OHD was higher in year 2004 than in year 2001 (P ¼ 0.0015) ( Table 2) , with the mean of individual percent changes being þ 20.4%. Blood sampling occurred on average 17 days later in January 2004 than in January 2001 but this did not contribute to 25-OHD levels (P ¼ 0.51). By HPLC technique, 25-OHD concentrations were on average 23% higher, but in terms of the intercept in regression analysis, the level of difference was not significant (P ¼ 0.47). The correlation between the RIA and HPLC methods was high (r ¼ 0.85). Using the RIA method, in Serum 25-OHD levels were higher for 13 vitamin D supplement users (38.0 (14.0-59.0) nmol/l) than 51 nonusers (25.0 (10.0-48.0) nmol/l) (P ¼ 0.0001) ( Table 3) . Only one man using vitamin supplements had vitamin D deficiency. Serum iPTH levels were similar for the two groups (P ¼ 0.88).
In the whole study group, serum 25-OHD level was not dependent on the class of consumption of dairy products (P ¼ 0.093). Instead, after exclusion of the users of vitamin supplements, an association between 25-OHD level and 'milk class' was found (P ¼ 0.011) (Table 4) , with the median vitamin D level being 6.5 nmol/l higher for class 4 than class 1. Likewise, the higher the milk class, the higher the difference in 25-OHD between years 2004 and 2001 (P ¼ 0.0025) ( Table 4) . Of 19 men with vitamin D deficiency by RIA, only one belonged to milk class 4 and five belonged to class 3. Serum iPTH levels did not associate with the consumption of dairy products (P ¼ 0.27) ( Table 4 ). The maximum use of fish meals was once a week, but this did not differ between the milk classes (Table 4) .
Discussion
The present study implies that vitamin D fortification of milk products has somewhat improved the vitamin D status of young Finnish men but it is still poor at least when serum 25-OHD concentrations are used as its functional indicators. 
Vitamin D fortification and serum 25-OHD levels V-V Välimäki et al
We believe that the observed slight improvement can be assigned to start of vitamin D fortification of milk products in Finland in February 2003. For the whole study group, the median increase in 25-OHD from year 2001 was only 3.0 nmol/l but it was up to 9.5 nmol/l for those belonging to 'milk classes' 3 and 4 instead of only up to 1.0 nmol/l for those consuming less. In year 2004, there was a difference of 6.5 nmol/l in serum 25-OHD between the lowest and highest quartiles of milk consumption. In the highest quartile, the daily consumption was at least 7.2 dl, meaning a daily supplement of 3.6 mg of vitamin D. In previous studies of young and old people, every microgram of vitamin D, taken orally as a regular daily dose, increased serum 25-OHD by 0.6-1.2 nmol/l (Arunabh et al., 2003; Heaney et al., 2003a; Trivedi et al., 2003; Heaney, 2004) . Thus, 3.6 mg of vitamin D would explain up to 4.2 nmol/l of the difference of 6.5 nmol/l in serum 25-OHD between the highest and lowest quartiles of milk consumption, and it has to be taken into account that many men in the highest quartiles consumed more than 7.2 dl of milk products daily. Taken together, vitamin D fortification of milk products has quite expectedly raised vitamin D levels of Finnish men.
The strength of our study is its longitudinal nature, but limitations are the small number of men studied and lack of comparable iPTH values for years 2001 and 2004, which was due to the changes in the assay method. Although there existed an expected inverse correlation between 25-OHD and iPTH concentrations in samples collected in 2004, we were not able to find out any relationship between iPTH levels and consumption of dairy products. It is, however, notable that the iPTH values were rather high, with the median being 49.0 ng/l for the whole study group. The reference range for the assay is 12-72 ng/l, but PTH levels not higher than 40 ng/l have been suggested to ascertain vitamin D adequacy (Steingrimsdottir et al., 2005) . Naturally, the differences between values produced by different assays have to be interpreted cautiously.
As serum 25-OHD levels were on average 50% higher for men using vs not using vitamin D supplements and because only one of 19 men with vitamin D deficiency had been taking them, use of supplements seems to be the most confident way to guarantee vitamin D adequacy in Finland in winter; for young people, the sun is a guarantor during summer (Lehtonen-Veromaa et al., 1999; Välimäki et al., 2004) . However, the highest 25-OHD value of 59 nmol/l among supplement users was far away from the level of 80-100 nmol/l, which has been suggested as a target to optimize the accrual of peak bone mass (Bischoff-Ferrari et al., 2004) and the intestinal absorption of calcium (Barger-Lux and Heaney, 2002; Heaney et al., 2003b) . We evaluated vitamin D status also in terms of the less strict 25-OHD level of 37.5 nmol/l, at which serum iPTH concentrations started to increase in a study by Thomas et al. (1998) . Despite vitamin D fortification of milk products, 73.8% of the men had serum 25-OHD level below this threshold, including six users of vitamin D supplements. The high prevalence of hypo vitaminosis D was well in accordance with rather high serum iPTH levels discussed above. However, the threshold for the increase in PTH with declining 25-OHD varies with different studies. In our earlier study of middle-aged and elderly Finnish people, a dramatic rise in serum iPTH occurred when serum 25-OHD concentrations fell below 12.5 nmol/l, although a significant rise was observed already below a level of 50 nmol/l (Kauppinen-Mäkelin et al., 2001) . In a French adult population, serum iPTH levels began to increase already when serum 25-OHD fell below 78 nmol/l (Chapuy et al., 1997) . In one study, the threshold was genderdependent, being 80 nmol/l for women and 40 nmol/l for men .
When defining vitamin D adequacy and inadequacy in absolute terms of serum concentrations of 25-OHD, it has to be taken into account that the values from different laboratories cannot be assumed to be comparable unless a careful cross-calibration has been performed (Lips et al., 1999; Binkley et al., 2004) . We ascertained our results using HPLC technique, which has been considered as the golden standard for 25-OHD measurements (Turpeinen et al., 2003) . Albeit the HPLC technique seemed to produce somewhat higher results than the RIA method, there existed a good correlation between the methods, and the misclassification of men to those with vitamin D deficiency and hypovitaminosis D was not substantial. By RIA, 29.2% of men had vitamin D deficiency and 73.8% hypovitaminosis D, whereas by HPLC, the respective percentages were 13.8 and 63.0%. Taken together, independently of serum 25-OHD assay, vitamin D status of young Finnish men is poor during the winter.
Recently, we pointed out for the first time that in men serum 25-OHD concentration is an independent Table 4 Serum 25-OHD (by RIA) and PTH concentrations (median with range) and use of fish meals (n; %) among non-users of vitamin supplements by the class of milk consumption determinant of peak bone mass (Välimäki et al., 2004) . The same has been demonstrated in girls in several Finnish studies Lehtonen-Veromaa et al., 2002; Cheng et al., 2003) . In one of them, among 171 Finnish girls aged 9-15 years the adjusted 3-year accumulation from baseline in lumbar spine BMD was 4% smaller in those with serum 25-OHD levels below 20 nmol/l than in those with serum 25-OHD exceeding 37.5 nmol/l (Lehtonen-Veromaa et al., 2002) . Keeping in mind all these studies and that by Bischoff-Ferrari et al. (2004) , which showed bone gain to increase up to serum 25-OHD level of 100 nmol/l, it is apparent that the recently started vitamin D fortification of milk products is not a sufficient maneuver to guarantee bone health and to optimize the accrual of peak bone mass of Finnish children and young adults. Furthermore, vitamin D inadequacy may also have extra-skeletal implications (Holick, 2004) . In this context, it is worth of notice that recently an association between poor vitamin D intake and high incidence of type I diabetes in Finland was described (Hyppönen et al., 2001 ).
In conclusion, vitamin D fortification of milk products started in February 2003 has slightly but insufficiently improved the poor vitamin D status of young Finnish men during winter. Further supplementation is warranted in order to normalize vitamin D levels and to support achievement of maximum peak bone mass.
